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COFFEE FILTER TERMINAL VELOCITY 



INTRODUCTION/OVERVIEW 



In this presentation we will investigate the math and physics of a free-falling 
object, not for the purpose of research to discover some profound physical 
phenomena, but rather to enhance students’ ability to gather, organize, and 
analyze data using state of the art hand held technology. 



We will use the TI-83 plus (a sophisticated graphing calculator) and the 
TI-CBR (a Calculator Based sonic Ranging device) along with an adequate 
supply of 8 to 12 cup, no special brand, coffee filters. Since the coffee 
filters are not consumed, a single package is generally sufficient to supply 
the needs of more than one class. 



We will use the CBR and TI_83 Plus to collect data about the coffee filter 
drops. We will manually analyze some of the data and then use a previously 
written program to expedite the task. From the information obtained during 
the presentation we should be able to draw a reasonable conclusion about the 
terminal velocity that we challenge you to verify with your students. 
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+ v t + d. 

o ^ 



if ~ ^ initial velocity and = 0 initial displacement 

then d = 

Displacement equals one half times acceleration times time squared. Where 
acceleration is the result of a net force different from zero. 

When an object moves through a fluid there is resistance to that movement 
related to the size of the object projected in the direction of motion (cross- 
sectional area), the nature of the surface (drag coefficient), the viscosity of 
the fluid and the speed of the object. This resistance is called Drag Force. 

An object free falling in a fluid is subject to acceleration due to the force of 
gravity as reduced by drag force. When the drag force, which increases with 
speed, equals the weight of the object no further acceleration occurs and the 
object is said to be at “Terminal Velocity” 

F .=ms — rnHSS, g = 9.8 Nm/sec^ 

termnldrag O 

For a small object falling through a high viscosity fluid the drag force is 
directly proportional to the object’s velocity. 

^drag = ^ When mg = kv then y = ^ 

termnl O 
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For heavier larger cross-sectional area objects free falling in air the drag 
force is directly proportional to the square of the object’s velocity. 




= Pv 



2 



Where P is proportional to area, drag coefficient and viscosity. 

2 2 

When = mg = Pv then V = 



For coffee filters dropped in groups of 1,2,3, etc., the only variable is the 
mass, which is proportional to the number of filters. 

m = M <-W TU - total mass dropped M = mass of one filter 

N - number of filters dropped 

Area is constant unless the filters are deformed. Drag coefficient is constant. 
Viscosity is constant. 



V = K4N Where K = 

termnlcoffeefilter 




For regular 8-12 cup size, not heavy-duty industrial commercial grade, but 
the kind you get at K-Mart or WalMart, any brand. We have found that 

K Ljl andso V =4N 

termnlcoffeefilter 

In this exercise we will attempt to verify this item. 
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When an object a with large mass to cross-sectional area ratio falls in air it’s 
time distance plot is parabolic. 







or on the TI 83 



which with this window 

(Xmin.Xmax.Ymin.Ymax) 

(-0.5,1.5,-0.5,5) 
gives this graph 



In the case of coffee filters the curve is flattened 
and becomes linear like this 



Plotl Plots Plot5 
WiB<l/2>9.8X2 
Ws = 

W5 = 

Wh = 

W5 = 

Wfi= 

w?= 





This complicated curve is assumed to be 
parabolic until terminal velocity is attained at T 
then becomes linear. We will, for this exercise, 
consider this function to be piece wise defined. 



For X = 0 to T Y = jX where j depends on number of filters 
For X > T Y = aX + b where U and b depend on number of filters 



Cl is the slope of the time distance plot slope 



At 



= velocity 



TERMINAL VELOCITY. 
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COFFEE FILTER TERMINAL VELOCITY 



DATA COLLECTION 
USING THE TI 83 AND THE CBR 
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The data collection setup should 
look something like this... 



0.5m 









, coffee 
filter 

release point 



2 m 



FLOOR 



We have found that teams of at least three students work best for gathering 
the data. That’s one holding the CBR at a height of about 8 foot, one running 
the TI-83, and one dropping the filters. 




As you can see in the drawing the drop point of the filters is about half a 
meter below the CBR. This is because the device measures range from 0.5 
to 6 meters. Drops from any closer will eliminate some of the parabolic time 
distance data. It should also be noted that the filter is dropped away from 
the CBR rather than onto it. This is for several very good reasons. The 
filters fall fairly straight and starting at the CBR rather than trying to land on 
it is considerably more productive. Additionally if they are dropped on the 
CBR each set of filters must be moved (if the aim was good) before the next 
set can be dropped. The time for each drop is somewhat less than 3 seconds 
so it is not difficult with this setup to get as many as six drops for each 18 
second CBR activation. We really want to look at the linear part of the data 
and the last half meter would be lost because of being too close. We may 
not even attain linearity before that time for some drops. 
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DATA COLLECTION PROCEDURE: 



Decide how many filters will be in the drops. Count out and set-aside in at 
least six separate stacks the filters for the next drop. Care should be taken to 
insure that the same number of filters is in each stack, as they tend to stick 
together. Care should also be taken to not deform or flatten the filters in 
order to favorably compare to other drops. 

Get ready to run the RANGER program with the TI83 and CBR 
(if your TI 83 already has prgmRANGER skip to ***) 



Connect the two units (CBR and TI-83) with the long link cable 



Turn on the TI 83 press 



2nd 



LINK to display the Link menu. 



Press 1 to select 1 : R e c e i v e. The message Wa i ting... is displayed 
and the busy indicator is on 



SEND 

IHReceiye 



On the CBR open the hinged portion 
containing the screen p2/83 

press while the 

Waiting... message is still displayed. 



ERIC 



11 



10 






This screen will display 



Receiving.. 

► rrnger 


■pRGM 




Done 






Go to the home screen (Press 



2nd1 QUIT I ) 



Then Press 



[CLEAR 



twice 



Press 



PRGM 



This or similar screen will appear 



Select #: R A N G E R press 



ENTER 




EDIT NEW 
OPSTRT 



2:MIN 

3:PIC 

JBRflNGER 

“term^el 



prgnRRNGER 



This is pasted on the home screen ready for 
execution. Press 



ENTER 



best copy AVAIlABIiE 



YOU WILL SEE 
THESE SCREENS 



PLEASE FOLLOW 
THESE INSTRUCTIONS 



TEKASinSTRUHEHTS 
RAnCER CV1.00!> 

PRESS [EATER] 



Press 



I ENTER 1 



75RMPLE 
WjSET DEFRULTS 
3:RPPLICRTI0NS 
4: PLOT MENU 
5: TOOLS 
6:QUIT 



Select 2:5ET DEFAULTS 



Press 



ENTER 



HAin HEAU 


PSTART ADU 


REALTIHE: 


YES 


TIME(S>: 


IS 


DISPLAY: 


DIST 


REGIA DA: 


[EATER] 


SHDDTHIAG: 


ADAE 


UAITS: 


HETERS 



Press 



I ENTER 1 



POINT CBR 
RT TRRGET 



TO STRRT PRESS 
[ENTER] ON TI83 



When you are ready to drop filters 

Press I ENTER I 



Lights will flash and bells will ring (not really bells, but rather clicking) 
while the CBR is actuated to find Time/Distance data. 

o 

ERIC 



1 3 igiEST COPY mklUMlM 






When the data collection is complete a screen like this will be displayed 




This particular screen is for a good run of 
six drops of 4 filters 




This screen is for an OK run of six drops of 
3 filters with some clutter that will not make 
much difference. 



Look at your display and if there is not at least three drops with fairly good 
data you may want to try again. 



Press I ENTER I This screen will appear. 



mmt 



OT 



2: SELECT DOMniN 
3: REPEAT SAMPLE 
4: MAIN MENU 
fflQUIT 



To try again select 

3:REPEAT SAMPLE 

which will take you to the top of the previous 

page 

When you have good data select 
5:QUIT 



This screen will appear 



il§T COPY AVAILABLE 
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L1=TIME 

L2=DIST 

L3=WEL 

L4=flCCEL 

Done 



Since we did not do VELOCITY or 
ACCELERATION, L3 and L4 will be filled 
with zeros. 



From the SETUP/SAMPLE screen you can choose to display VELOCITY 
or ACCELERATION plots. We found that for this procedure these plots 
were not productive. 
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COFFEE FILTER TERMINAL VELOCITY 
ANALYZING THE COLLECTED DATA 
USING THE TI 83 OR TI 83 PLUS 
WITH MANUAL INPUTS AND MANIPULATION 
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Considering that data was just received by one person, either from the CBR 
or from the Graph Link we need to share this data with our teammates 
before we analyze the data. Connect the link cable to both TI 83s. 



Press 



2nd 



LINK 



Receiver (needs data)— scroll over to RECEIVE 



RECEIVE 




SEND ISAHslUJa 


1 




tHReceioe 


3:Pr9n!!! 

4: List... 

5: Lists to TI82... 
6! GDB... 

7iPic... 







Press 



ENTER 



Waiting... 



Sender (the one that has the 



Press 



2nd 



Select 4:L 1 s t... Press 



data) 



LINK 



ENTER 






1 

Ls 

L3 

Lh 

Ls 

Lg 

Q 



TRRNSMIT 

LIST 

LIST 

LIST 

LIST 

LIST 

LIST 

LIST 



Mark Ll and L2 



Scroll to TRANSMIT 



Press 



ENTER 
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This will show on the receiving unit 



UIJlHrlEgPTBE 

1 : Rename 
fflOyerwrite 
^Onit 
4: Quit 



Select 2: Overwrite 



Press 



ENTER 



Li 



LIST 



Then this will show 
Select 2: Overwrite 



1 ! Rename 
fflOuerwr ite 
^Omit 
4s Quit 



Li 



LIST 



Press 



ENTER 



Receiving... 

Li LIST 

► L£ list 

Done 



This process needs to be repeated 
so all will have the Time/Distance data. 
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We need to save this data so that we can analyze it with out loosing it. To 
do this we will store the Time/Distance data lists in named lists. Of the 
many ways to name a list this is the way we choose to proceed. 



Go to the home screen 



(Press 



2nd 



QUIT 



Then Press 



ICLEAR 



twice 



Then Press 



STAT 



select 5:SetUpEd 



tor 



Mil CRLC TESTS 
1 

2:SoriR< 

3:SoriD< 

4:ClrLisi 

fflSeiUpEdiior 



Press 



ENTER 



twice. 



SeiUpEdiior 

Done 



Then press 



STAT 



ENTER 



CRLC TESTS 
lit... 

SoriRC 
3:SoriD< 

4: ClrLisi 
5 : SeiUpEdiior 



LI 


L3 


L3 1 




.BB103 


0 


.199BB 


l.OHHB 


0 


.399?? 


1.3393 


0 


.999G9 


1.3B?H 


0 


.G9999 


l.H?9H 


0 


.B99HB 


l.fi9?3 


0 


1.099H 


1.B3BH 


0 


L1(1J=0 
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@@@ 

move the cursor to the very top of LI Press 



2nd 



INS 



Type the name of the new list like this 

CFIT or CFID 

That’s Coffee Filters # Time or Distance 
For this example we are dealing with the data for one coffee filter. 





LI 


L2 1 




0 

.199BB 

.3BB77 

.B99HB 

l.OBBH 


.BB1D2 

l.DHHB 

1.3B7H 

1.H79H 

1.E97? 

1.B2BH 


Hane=0 



We used CFIT for the time data 



Press 



ENTER 



Press 



2nd L1 





LI 


L2 1 




0 

.199BB 

.39977 

.999B9 

.B9999 

.B99HB 

1.D99H 


.BB1D2 

l.DHHB 

1.2292 

1.3B7H 

1.H79H 

1.B973 

1.B2BH 




CFlT=Ll 



Press 



ENTER 



CFIT 


LI 


L2 1 


m 


D 

.199BB 

.39977 

.999B9 

.B9999 

.B99HB 

1.D99H 


.BB1D2 

l.DHHB 

1.2292 

1.3B7H 

1.H79H 

1.B973 

1.B2BH 


.199BB 

.39977 

.999B9 

.B9999 

.B99HB 

1.D99H 


CFITCIJ =0 



LI, the time data list, has now been stored in LCFIT. 



Go back to @@@ and repeat the process 

Storing L2, the distance data list, into LCFID. Like this. 



CFIT 


CFID 


LI 2 


D 

.199BB 

.39977 

.999B9 

.B9999 

.B99HB 

1.D99H 


R:|:FC» 

l.DHHB 

1.2292 

1.3B7H 

1.H79H 

1.6973 

1.B2BH 


0 

.199BB 

.39977 

.99969 

.69999 

.B99HB 

1.D99H 


CFIDCIJ =.881019 



BEST COPY AVAILABILE 
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If your calculator was used with the CBR then you can view the statistical 
plot of the data. 



Just Press 



GRAPH 



and show the graph to your teammates. 



Now let’s all get on the same page. 

Press 2nd I ISTAT PLOfl Then Press [enter | 







“SnOT Plots Plot3 

aSroff 

Type! Li. HS Jhb 


L2 


becomes 


2:Plot2...0ff 


KH - >nH [^ 


L2 D 




XI ist ! Li 


3:Plot3...0ff 




Vlist:Ls 


Lil LI L2 a 

44-PlotsOff 




Mark: □ + | 



but it may not look like this. Move the cursor to highlight an item 



Then Press [enter | 

highlight On , connected dots , make X 1 i s t : L 1 and 

Ylist:L2 

and highlight the dot 



Press I Y- | 



3EB1 Mots Piot3 
nVi = 
nVs = 
nV3 = 
nVh = 
nV5 = 

NVfi = 

nV? = 



By highlighting and clearing 
make the screen look like this 



Press 



WINDOW 



WINDOW 
Xnin=0 
Xnax=18 
Xscl=l 
Vpi i n=0 
Vnax=3 
Vscl=l 
Xres=l 



Make the screen look like this 
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Press 



GRAPH 




This is a Time/Distance plot of collected data. 
From this mentally choose a filter drop to 
analyze. You may get together with your team 
and choose different drops. Determine the start 
time of that drop by using the Xscale = Isec for 
each mark. I will look at the second of my 
drops which starts at about 2 seconds. 



Press 



TRACE 



and scroll to the beginning of the chosen drop 




becomes 




Press 



WINDOW 



and put an X for Xm i n= X Press 



[ENTER I 



WINDOW 

Xnin=X 

Xnax=18 

Xscl=l 

Vnin=0 

Vnax=3 

Vscl=l 

Xres=l 


becomes with your 
value of X 
PutXmax=X + 4 


WINDOW 

Xnin=2. 098782 

Xnax=18 

Xscl=l 

Vnin=0 

Vnax=3 

Vscl=l 

Xres=l 


Hress [ENTER | 








WINDOW 




WINDOW 


Xnin=2.09S7S2 




Xmin=2. 098782 


Xnax=X+4 




Xmax=6. 098782 


Xscl=l 




Xscl=l 


Vnin=0 


becomes with your 


Vmin=0 


Vnax=3 


Vmax=3 


Vscl=l 


value of X+4 


Vscl=l 


Xres=l 


Xres=l 



Press 




[GRAPH 
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This is the Time/Distance plot for the chosen 
drop. It should clearly show the linear part 
where the filter has attained terminal velocity. 
To have the calculator determine the slope of 
this line we will select just the linear part. To 
see this more clearly 



Press 



2nd 



I STAT PLOT 



Then Press 



[ENTER I 



select the dark block around the dot 



Plots 



Plots 



Off 



Type: Lii HS Jhb 

XI 1st: Li 
Vlist:Ls 
Mark: 0 + . 




Press 



2nd 



LIST 



Scroll over to OPS down to8:Select ( 






NflMES^ 

6tcun£un 
: ^L i sL ^ 
pSelect< 

9 : au9nent< 

0: ListPnatr< 
R: Matr^- 1 ist< 
B: L 



MRTH 



Press 



[ENTER I 



Select( is pasted to the home screen. 
Press 2"^* L3 then, then 2"^* L4 then ) 
then Press [enter [ 
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Select<L3 j Lh > 




Pi: 




becomes 








1 

L«ftEound? 






H=0 ^V=.BB1019 _ 



Move the marker to the right until at the start of the linear part of the graph 
(the left bound). Keep in mind that you are starting at the beginning of the 
CBR Time/Distance lists and the marker may not be in sight for some time. 




Press [ENTER I 

Move the marker to the 
right bound. 

Press 




What is now displayed is the linear part that you selected in the same 
window you had. These data points are now stored in L3 and L4 . 




To find the slope of this discreet data we will do 
a linear regression. 



Press 

and down to 



STAT 



scroll right to CALC 
4:L 1 nReg ( ax + b) 



Press [ENTER I 

LinReg(ax + b) is pasted to the home 
screen 

we must enter the arguments L 3 , L4 , Yl 
(Yl is found in VARS Y-VAR5 
1 : F unc 1 1 onHighlight l;Yl and press 
ENTER to paste the home screen) 



EDIT 



TESTS 

tats 



1 : 

2: 2-Oar Stats 
3: Med-Med 
_Li nReg < ax+b > 
: QuadReg 
6 s CubicReg 
74^QuartReg 





COPT AVAILABLE 
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Press ENTER 
The TI-83 will perform the 
regression, display it and 
paste the equation at Y 1 

“a” is the slope and 
TERMINAL VELOCITY 

for this drop 

Press [GRAPH | 



LinReg<ax+b> 

Lh,Vi 



LinReg 

y=ax+b 

a=. 8148136572 
b= “2.250644492 



Using our data the TERMINAL VELOCITY of 
the second drop of one filter was .815 m/s. 



COFFEE FILTER TERMINAL VELOCITY 
ANALYZING THE COLLECTED DATA 
USING THE TI 83 OR TI 83 PLUS 
(ANALYZING ASSIST PROGRAM) 

“TERMVEL” 
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The TI 83 Plus program was written to assist in analyzing the coffee filter 
time distance data. The intent is to remove the repetitious button punching 
necessary to analyze many coffee filter drops to provide a reasonable data 
base for more in-depth analysis while maintaining some uniformity in 
processing techniques. The program asks the user for the raw 
Time/Distance data lists as provided by the CBR and leads the user through 
a series of screens to arrive at the Terminal Velocity of a particular coffee 
filter drop. 

The coffee filter drops and the CBR ranging pulse are non-synchronous, 
therefore this program uses a best guess at the shape of the nonlinear portion 
of the drop and from that provides only a close approximation of the 
distance of fall before terminal velocity is reached. 

These two pieces of data are automatically stored in two TI 83 matrices for 
later evaluation. Matrix A and B have 13 rows for 1 through 12 filter drops 
and a 15 filter drop and 7 columns for six trials and an average for each 
number of filters dropped.. Terminal velocity is stored in Matrix A and drop 
distance to terminal velocity in Matrix B. 

The program uses the six calculator lists L1-L6. Collected data need be 
stored elsewhere (see the instructions for manually analyzing data page 10). 

Smoothing with this program is for the specific elimination of single bits of 
extraneous data and not overall smoothing like the CBR does. With CBR 
smoothing data bits are lost and misleading information may result. 

To use the program follow the instructions found on page 45 to load the 
program into your calculator. 

For those of you at the presentation we will link the program to you for use 
and retention if you want. 
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***Press 



PRGM 



This or similar screen will appear 

Select #:TE RMVE L press | enter"! 



MjW EDIT HEW 

rTDROPSTRT 

2:MIN 

3:PIC 

4: RANGER 

fflTERMVEL 



prgnTERMyEL 



This is pasted on the home screen ready for 
execution. Press 



ENTER 



YOU WILL SEE PLEASE FOLLOW 

THESE SCREENS THESE INSTRUCTIONS 



n PROGRAM FOR 
PROCESSING 
COFFEE FILTER 
yELOCITV 
U. CAUDILL 
S. PARKER 
MEOUSD MPCC 
ZANESUILLE OHIO 



Press 



ENTER 



«EST 
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Press 



THIS PROGRRM WIU 
SnWE ORIGINRL 
DRTR IN Ls,Lfi 
THEN LISTS Li-Lh 
WILL BE USED FOR 
PROCESSING 



ENTER 



TIME LIST = 



Insert the name of the list containing the time 
data. You can not just type it in without the list 
identifier character. It is best to 



Press 



2nd 



LIST 



Then select the desired list. 



Then Press 



ENTER 



For this demonstration we will use the data from five coffee filters dropped . 
These lists are stored in our LC F 5T and LC F 5 D. 



TIME LIST =lCF5T 
DISTRNCE LIST = 



Same as above for time list. 



Then Press 



ENTER 



TIME LIST =lCF5T 

DISTRNCE LIST =l 
CF5D 

N0. OF FLTRS = 

IN THIS DROP? 



Input the number of filters dropped for the data 
you are using. We used 5. 



Then Press 



ENTER 
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This is very much like the CBR Time/Distance 
plot. The question that is being asked is about 
inconsistent data. In this case the second drop 
and the fifth drop may have some “where did 
that come from” data. 




This display is our data for one-filter drops and 
there appears to be no significant extraneous 
data. 

Look over your display with this in mind. 



Then Press 



ENTER 



(We returned to the five filter drop) 




Let us all Press 2 

to see what the smoothing is about. 




The numbers across the middle of the screen are 
time in seconds from 0 to 18. Decide which 
drop to consider and note the time just a little 
left of its start. 



Then Press 



ENTER 



O 

ERIC 
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START TIME? 



Input the time you just noted on the previous 
screen. (We will look at our drop which 
starts at 2 seconds.) 



Then Press 



ENTER 



START TIME?2 
DROP NUMBER? 



Input the number of the drop you are 
considering. (Ours is number 2) 



Then Press 



ENTER 



PLEASE WAIT 



Please wait 



This screen shows the extraneous data at the start of the drop and in the 

linear portion. The start is best guess anyway 
so that part in this case can be ignored. The 

data showing just below the last Din HEEDED 
;however, will keep the linear portion of this 
drop from being realistic and should be 
eliminated. We will press 0. If no smoothing is 
needed (a judgment call) then 



SHTHnG HEEDED PRESS ZERD 




nonEHEEDEDPRESSEnTER 



Press 



ENTER 



If you pressed ENTER you will skip to $$$$ if not then 
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Move the marker to the 
extraneous data. 

Press [ENTER 



SELECTTHEUAV-DUTPART fZ\ 







SHTHna REEDED PRESS ZERO 




nORE REEDED PRESS ERTER 



The extraneous data has been eliminated and 
you are asked if more smoothing is needed. 

If more is needed press 0 and eliminate those 
points also. Otherwise 

Press ^NTER 



$$$$ 




Move the maker to the 
left edge of the linear 
part and then 

Press ^NTER 




Move the marker to the right end (bottom) 
of the linear part and 



Press 



ENTER 
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move the marker to the 
left (beginning) of the 
drop parabolic part 

Press ^NTER 



SELECT PARAEDLIC PART PZj 




Left Round? 



SELECT PARARDLIC PART P2i 




Ridht Round? 
K=?.0BB202 V=.H1BBB 



Move the marker to the 
end of the parabolic part 
(start of the linear part). 
You must have at least 
three data points. 



Press 



^NTER 



SELECT PARARDLIC PART P£j 




RiShtRound? 

V=.B2fiB7fi 



HUMBER OF CF 
TREMUEL HOW 
RUG TERMUEL 
THIS DROP 
RUG DROP 



This display shows the processed terminal 
velocity for this drop and the average of the 
other drops that have been processed, as well as 
the distance to reach terminal velocity for this 
and the average of the processed drops for this 
number of filters 



best copy available 




33 



32 




Press ^NTER 



The program returns to this 
screen for you to process 
another drop 
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COFFEE FILTER TERMINAL VELOCITY 



COLLECTED DATA 
USING THE TI 83 AND THE CBR 



COFFEE FILTER CBR DATA 



This file contains the data collected with a CBR at Mid-East Ohio 
Vocational School, Mushingum Perry Career Center, Zanesville, Ohio. 

This is empirical data and will have the same inaccuracies that you would 
get with your students gathering data. The setup is as shown in the previous 
sections. 

In order to use this data in a TI 83 it must be converted into a *.8x1 file. 

To do this, select a single column, title and all. Open TI-Graph Link and 
open a File: New TI-83 List File. Paste the column onto the new list form. 
Select (high light) the title, cut it and past it to the “Name:” box. 

The list can be imported into the TI-83 or saved for later use. 

The data can be analyzed manually or by using the TI-83 Plus program 
TERMVEL. 

NOTE: There is not enough space to put all these lists in the TI-83 at the 
same time unless some of it is put into archives. To process a drop 
both a time and a distance list are needed. 
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0.41902 


10.7937 


2.1558 


10.7937 


0.44620 


10.6938 


1.05511 


4 


2 


4 




4 


6 






10.8936 


0.44579 


10.9936 


2.15594 


10.9936 


0.55370 


10.8936 


1.61418 


8 


4 


2 




2 


8 


8 




11.0935 


0.76898 


11.1935 


0.41833 


11.0935 


0.71475 


1 1 .0935 


2.1385 


6 


7 


1 




6 


5 


6 




11.2934 


1.22439 


11.3933 


0.41792 


1 1 .2934 


1.17126 


1 1 .2934 


2.11379 


5 




9 




5 




5 




11.4933 


1.81119 


1 1 .5932 


0.41819 


11.4933 


1.66923 


11.4933 


2.10885 


3 




7 


8 


3 




3 




11.6932 


2.12999 


11.7931 


0.46666 


11.6932 


2.1304 


1 1 .6932 


2.13823 


2 




6 


3 


2 




2 




11.8931 


2.12134 


1 1 .9930 


0.78793 


11.8931 


2.14523 


11.8931 


2.14139 






4 


3 










12.0929 


2.12175 


12.1929 


1.28014 


12.0929 


2.14798 


12.0929 


2.14564 


8 




3 




8 




8 




12.2928 


2.13095 


12.2928 


1 .53496 


12.2928 


2.13796 


12.2928 


0.4171 


7 




7 




7 




7 




12.4927 


2.14839 


12.4927 


2.09883 


12.4927 


2.13796 


12.4927 


0.41984 


5 




5 




5 




5 


6 


12.6926 


2.1234 


12.6926 


2.11352 


12.6926 


2.13809 


12.6926 


0.41806 


4 




4 




4 




4 


1 


12.8925 


0.42712 


12.8925 


2.15828 


12.8925 


0.43179 


12.8925 


0.57210 


2 




2 




2 




2 


6 


13.0924 


0.41819 


13.0924 


2.15072 


13.0924 


0.41888 


12.9924 


0.75347 




8 










6 


2 


13.2922 


0.41792 


13.2922 


2.14757 


13.2922 


0.41915 


13.1923 


1.23483 


9 


3 


9 




9 


9 


5 




13.4921 


0.53544 


13.4921 


2.15127 


13.4921 


0.48739 


13.3922 


1.80955 


7 


8 


7 




7 


5 


3 




13.5921 


0.68194 


13.6920 


2.14715 


13.5921 


0.61768 


13.5921 


2.1197 


1 


2 


6 




1 


8 


1 




13.792 


1.12019 


13.8919 

y1 


0.42643 


13.792 


1.03767 


13.792 


2.11407 


13.9918 


1.66758 


4 

14.0918 


0.42698 


13.9918 


1.59825 


13.9918 


2.16088 


8 




2 




8 




8 




14.1917 


2.13782 


14.2917 


0.44153 


14.1917 


2.12629 


14.1917 


2.14921 


7 




1 


8 


7 




7 




14.3916 


2.16734 


14.4915 


0.41874 


14.3916 


2.05242 


14.3916 


2.14523 


5 




9 


7 


5 




5 




14.5915 


2.15965 


14.6914 


0.66052 


14.5915 


2.04707 


14.5915 


2.14153 


3 




8 


4 


3 




3 




14.7914 


2.15965 


14.8913 


1.12499 


14.7914 


2.0608 


14.7914 


2.14537 


2 




6 




2 




2 
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14.9913 

15.1911 

9 

15.3910 

7 

15.5909 

5 

15.7908 

4 

15.9907 

2 

16.1906 

1 

16.3904 

9 

16.5903 

7 

16.7902 

6 

16.9901 

4 

17.1900 

3 

17.3899 

1 

17.5897 

9 

17.7896 

8 

17.9895 

6 



2.15347 

2.15594 

2.15333 

2.15663 

2.15704 

2.15731 

2.15951 

2.16294 

2.16432 

2.16665 

2.1672 

2.16734 

2.1639 

2.1639 

2.15979 

2.15773 



15.0912 

4 

15.2911 

3 

15.4910 

1 

15.6909 

15.8907 

8 

16.0906 

6 

16.2905 

5 

16.4904 

3 

16.6903 

2 

16.8902 

17.0900 

8 

17.2899 

7 

17.4898 

5 

17.6897 

4 

17.8896 

2 

18.0895 



1.67664 

2.12299 

2.10363 

2.11201 

2.11448 

2.11228 

2.11214 

2.11214 

2.11173 

2.1116 

2.10844 

2.11201 

2.11558 

2.12409 

2.11956 

2.11558 



14.9913 

15.1911 

9 

15.3910 

7 

15.5909 

5 

15.7908 

4 

15.9907 

2 

16.1906 

1 

16.3904 

9 

16.5903 

7 

16.7902 

6 

16.9901 

4 

17.1900 

3 

17.3899 

1 

17.5897 

9 

17.7896 

8 

17.9895 

6 



2.06011 

2.04871 

2.05997 

2.06437 

2.06848 

2.0678 

2.0715 

2.0748 

2.0781 

2.06766 

2.06395 

2.07535 

2.0781 

2.0748 

2.0748 

2.07576 



14.9913 

15.1911 

9 

15.3910 

7 

15.5909 

5 

15.7908 

4 

15.9907 

2 

16.1906 

1 

16.3904 

9 

16.5903 

7 

16.7902 

6 

16.9901 

4 

17.1900 

3 

17.3899 

1 

17.5897 

9 

17.7896 

8 

17.9895 

6 



2.13878 

2.13933 

2.13301 

2.12944 

2.14153 

2.13864 

2.1385 

2.13233 

2.13878 

2.13823 

2.13137 

2.13494 

2.13109 

2.13109 

2.13123 

2.12738 



The following data was obtained with a stopwatch and not a CBR. It is for 
verification only. 

15 Filters at from a height of 10 meters took 2.81 sec to reach the ground 
15 Filters at from a height of 5 meters took 1.44 sec to reach the ground 
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COFFEE FILTER TERMINAL VELOCITY 
TI-83 PROGRAM “TERMVEL” 
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This is the Coffee Filter Terminal Velocity assessment program for the TI- 
83 Plus or TI-83 It can be copied and pasted in the Graph Link Program to a 
new TI-83 Program File then linked to the TI-83 Plus or TI-83 either directly 
or using TI CONNECT. Download free 
TI CONNECT 

http://education.ti.com/us/product/accessory/connectivitv/down/download.html 
TI-GRAPH LINK 

http://education.ti.com/us/product/accessorv/connectivitv/down/downgraph.html 

This program reads correctly with the TI83Pluspc Font, which is loaded with 
the TI-83P1US GRAPH LINK Program. We have experienced some 
difficulty with the list name L „ , which when copied from here and pasted 
into TI-Graph Link comes out L " rather than L „ . These items have 
been highlighted and are most easily corrected before saving in TI-Graph 
Link. 

You will need to give this a name. We used TERMVEL. 
COPY AND PASTE EVERYTHING BETWEEN THESE LINES 



ExprOf f 




AxesOf f 




Simul 




FnOff 




PlotsOf f 




Cl rHome 




Cl rDraw 




Text(l,l, "1 


DROPS DONE" 


Store Pic 3 




Cl rDraw 




Output (1 , 1 


, " A PROGRAM FOR") 


Output (2 , 1 


, " PROCESSING") 


Output (3 , 1 


," COFFEE FILTER") 


0utput(4, 1 


VELOCITY") 


Output (5 , 1 


W. CAUDILL") 


Output (6 , 1 


S. PARKER") 


Output (7 , 1 


, " MEOVSD MPCC") 


Output (8 , 1 


."ZANESVILLE OHIO") 


Pause 




Cl rHome 




Output (1 , 1 


."THIS PROGRAM WILL") 


Output (2 , 1 


. " SAVE ORIGINAL") 


Output (3 , 1 


. " DATA IN L....Lt") 
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0utput(4,l,"THEN LISTS L_-L„") 
Output(5,l,"WILL BE USED FOR") 
Output(6,l, "PROCESSING") 

Pause 
Cl rHome 

Input "TIME LIST =" ,L... 

Input "DISTANCE LIST =",Lf 
Output(6,l,"IN THIS DROP?") 

Input "NO. OF FLTRS =",R 

ClrLi St L_, L , , L/, L„ 

u . GSuXmi n 

ISuXmax 

u . GSuYmi n 

2 . SuYmax 

PlotsOf f 

FnOff 

{13,7}udim([A]) 

{13.7}udim([B]) 

Cl rHome 

Plot2(xyLine,L... ,Lt,0) 

Text(G,G, "LOOK OVER THE GRAPH") 

Text(57,G, "SMOOTHING NEEDED ANYWHERE?") 

Pause 

Cl rHome 

GuS 

MenuC'IS SMOOTH NEEDED" , "NO" , 6 , "YES" , 5 
Lbl 5 
luS 
Lbl 6 
1+SuS 
Lbl 7 
Cl rHome 
PlotsOf f 
FnOff 
u . GSuXmi n 
IBuXmax 
u . GSuYmi n 
2. SuYmax 

Plot2(xyLine, L... , Lf , 6) 

PlotsOn 2 
For(X,G,9) 

Text(2S,SX,X) 

o 
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End 

For(X,0.8) 

Text(25.5X+51,X) 

End 

Text(57,0, "NOTE START TIME OF DROP") 

Recall Pic 3 

For(Z.l,6) 

If [A] (R,Z)>0 
Text(l,35+5Z,Z) 

End 

StorePic 3 
Pause 
Cl rHome 

Input ("DROP NUMBER?", C) 

Input ("START TIME?" ,T) 

Cl rHome 

Output(3,l, "PLEASE WAIT") 

TuXmi n 
T+3 . SuXmax 
u . 25uYmi n 
2 . ZuYmax 
L...uL_ 

LfuL , 

SortD (L_, L , ) 
luP 

While T<L_(P) 

L_(P)uL/(P) 

L, (P)uL„(P) 

P+luP 

End 

SortA(L/, L„) 

If S=1 
Goto 2 
Lbl 1 
Cl rHome 

Plot2 (xyLi ne , L/, L„ ,_) 

PlotsOn 2 

Text(0,0, "SMTHNG NEEDED PRESS ZERO") 
Text(57,0, "NONE NEEDED PRESS ENTER") 
OuK 

While K=0 
getKeyuK 

er|c 
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If K=102 
Goto 3 
If K=105 
Goto 2 
Goto 1 
Lbl 3 

Plot2 (xyLi ne , If , L„ ,_) 

Text(0,0. "SELECT THE WAY-OUT PART") 

T race 

For(E, 1,100) 

If L/(E)=X 

Then 

0uL/(E) 

0uL„(E) 

100uE 

End 

End 

SortA(L/, L„ ) 

Goto 1 
Lbl 2 
Cl rHome 

Plot2 (xyLi ne , L/ , L„ ,_) 

Text(0,0, "SELECT LINEAR PART") 

Select (L_, L , ) 

LinReg(ax+b) L_,L,,Y_ 
au[A] (R.C) 

Cl rHome 
FnOff 

Plot2 (xyLi ne , L/ , L„ ,_) 

Text(0,0, "SELECT PARABOLIC PART") 

Select (L_, L , ) 

PlotsOf f 
QuadReg L_,L, 

ClrList aMIN 
For(J,l,40) 

L_(2)-.01*JuX 

aXU+bX+cuaMIN(J) 

End 

mi n (aMIN) uL 

( [A] (R,C)-b)U/(4*a)+b( [A] (R,C) -b) / (2*a)+c-LuD 
Du[B] (R,C) 



0uW 

0uG 

0uH 

0uM 

For(V,l,6) 

If ([A] (R.V)>0) 

Then 

W+[A] (R,V)uW 

H+luH 

End 

If ([B] (R.V)>0) 

Then 

M+[B] (R,V)uM 

G+luG 

End 

End 

W/Hu[A] (R.7) 

M/Gu[B] (R.7) 

Cl rHome 
Float 
D i s p R 
Fix 2 

Disp [A] (R.C) , [A] (R.7) , [B] (R.C) , [B] (R.7) 
Outputd.l, "NUMBER OF CF") 

0utput(2 , 1, "TREMVEL NOW") 

Output(3,l,"AVG TERMVEL") 
0utput(4,l,"THIS DROP") 

Output(5,l,"AVG DROP") 

0utput(7,l, "PRESS ENTER") 

Float 
Pause 
Cl rHome 
FnOff 

Menu("D0 ANOTHER DROP? " , " YES " , 7 , "NO" , 8 

Lbl 8 

AxesOn 

ExprOn 

Stop 
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COFFEE FILTER TERMINAL VELOCITY 
CONCLUSION 
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We have analyzed the collected data by hand and by use of the assisting 
program and should now have enough information to draw some reasonable 
conclusions. We will fill out this table with our collected data. 



Number of 
Filters li 








Average 

L2 


1 










2 










3 










4 










5 










6 










7 










8 










9 










10 










15 








3.6496 



Now we will put this data in a list and display it to see if some conclusion 
can be reached, 



Press 



IGRAPH 



ENTER 



Scroll to the top of Ll Press 



CLEAR 



ENTER 



Then enter the number of filters that go with our data above. 

Scroll to the top of L2 Press | CLEAR 

Then enter the terminal velocity of the filters from our data above keeping 
the number of filters in Ll lined up with the data in L2. 



ENTER 
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Press 


2nd 


1 STAT PLOT Then Press [enter | 


LI LS 

2:Ploi2...0ff 

LI LS D 

3:Ploi3...0ff 

b-' LI LS D 

4TPlois0ff 


becomes 


Plots Plots 

flSr Off 

Type! BB Jhh 

KH - 

XI isi: Li 
Vlisi:Ls 
Mark: B + • 



but it may not look like this. Move the cursor to highlight an item 
Then Press IENter | 

highlight On , not connected dots , make XlistrLl and 

Ylist:L2 



and highlight the box dot B 



Press I Y- | 



Plots Plots 

W1 = 
nVs = 

Ws = 

nVh = 

We = 

Wfi= 
nV? = 



By highlighting and clearing 
make the screen look like this 



Press 



ZOOM 





If we have enough data we may get something 
like this. We said in the beginning that the 
terminal velocity was proportional to the square 
root of the number of filters and hoped to show 
that. 
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V 



termnlcoffeefilter 



Where 







For regular 8-12 cup size, not heavy-duty industrial commercial grade, but 
the kind you get at K-Mart or WalMart, any brand. We have found that 

K LJI andso V =4N 

termnlcoffeefilter 

In this exercise have attempted to verify this item. 



The data for 15 coffee filter terminal velocity came from use of our school’s 
Power Lineman Program’s bucket truck. We dropped 15 filters from 10 
meters and timed the drop with a stopwatch. Then dropped from 5 meters 
and timed the drop. This gave us the time for the first 5 meters for both 
drops and left the time for the last 5 meters of the 10 meter drop at terminal 
velocity.. 

When many drops have been processed the above graph is even more 
convincing. Data from the seventh column of matrix A can be transfered to a 
list with built-in commands. 



Press 



2nd 



MATRIX 



Scroll over to Math Down to 8:Matr>list Press |bNibK | 

This is pasted to the home screen and 
with these arguments will put the 
processed data in the right place. 

Press I 

er|c 



Matr>- 1 ist< [fll ? 7? 
Ls> 
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To complete the transfer 



Press 



STAT 



ENTER 



Scroll to the top of L 1 Press 



CLEAR 



ENTER 



Then enter the number of filters that go with non-zero data. 
Delete entries that are zero in both L 1 and L 2 . 

Add the data from the 15 filter drop (3.6496) 



Press 






Enter 

=VX 



Plots Plots 

Ws = 

^VH = 

^VE = 

^Vfi = 

w?= 



Press 





Actually our data looks more like K= .9 with more deviation at higher 
numbers of filters. 

The data from many drops provided a similar plot for distance of fall before 
reaching terminal velocity. It turned out to be inconclusive for us. Thyis is 
an area your student may find interesting. The use of different collection 
time periods in the CBR may be somewhat productive for refining this data. 

The use of the velocity and acceleration plots with the CBR was not at all 
worthwhile for us but leaves other good material for student investigation. 




59 



58 






I 



Teach well. 
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